T he search for new instruments to promote an appropriate cervical preparation has led to the development of new rotary instruments such as TripleGates. However, to the best of the authors' knowledge, there is no study evaluating TripleGates effect on the "risk zone" of mandibular molars. Objectives: The aim of this study was to evaluate the effects of a crown-down sequence of Gates-Glidden and TripleGates burs on the remaining cervical dentin thickness and the total amount of dentin removed from the root canals during the instrumentation by using cone beam computed tomography. The number of separated instruments was also evaluated. Material and Methods: Mesial roots of 40 mandibular first molars were divided into 2 equal groups: crown-down sequence of Gates-Glidden (#3, #2, #1) and TripleGates burs. Cervical dentin thickness and canal area were measured before and after instrumentation by using cone beam computed tomography and image analysis software. Student's t-test was used to determine significant differences at p<0.05. Results: No significant differences (p>0.05) were observed between the instruments, regarding the root canal area and dentin wall thickness. Conclusion: Both tested instruments used for cervical preparation were safe to be used in the mesial root canal of mandibular molars.
INTRODUCTION
It has been found that preflaring the coronal portion of the root canal provides advantages in irrigation efficacy, apical control, cone fit, and compaction procedures 9,10,13, 16, 18 . However, excessive dentin removal, as a result of cervical preflaring, especially in curved and narrow canals, may cause perforation of the concavity located in the furcation region 5, 6, 11, 14 . The first rotary instruments used for the cervical preflaring were the Gates-Glidden (GG) burs 19 . Its low cost and high cutting power associated to its simplicity of use made it a commonly used instrument during endodontic procedures. The diameter of the Gates-Glidden bur #2 (0.70 mm) is generally considered safe for the cervical preflaring of the mesial canals of mandibular molars 24 ; however, the use of higher diameters could promote significant dentin removal at the furcal aspect of the root canal, increasing the risk of a striping perforation in the root 6, 8, 23, 24 .
The search for new instruments to promote an appropriate cervical preparation has led to the development of new rotary instruments such as TripleGates (Helse, Santa Rosa de Viterbo, SP,
Figure 1-Scanning electron microscope photomicrograph (X10) showing the TripleGates instrument
Comparison of the effects of the TripleGates and Gates-Glidden burs on cervical dentin thickness and root canal area by using cone beam computed tomography Brazil). The manufacturer claims that this stainless steel instrument receives a nanotechnology treatment which increases its resistance and reduces friction in dry conditions. Its tip is equivalent to an inactive file 30 and it has 50, 70 and 90 mm diameters. This instrument has similar active portion with more conical conformation and enhanced intermediate than Gates-Glidden (Figure 1 ). It should replace Gates-Glidden #1, #2 and #3 and can be used in cervical preflaring with the advantage of performing lateral movement. Moreover, this bur would have the following major advantages: faster instrumentation and lower cost; one bur only can replace all the different sizes of traditional burs, such as Gates, Largo, and Peeso, with no need for instrument change during treatment; increased safety, as a result of its shape, which limits bur action to the cervical third of the root canal and thus avoids any contact with critical areas of the furcation region; adaptability to different root canal anatomic variations and preparation techniques; and versatility because it can be mounted on the engine available at the practitioner's office. Although its predecessor (CPdrill) has been recently evaluated regarding the effect in the "risk zone" of mandibular molars 10 , to the best of the author's knowledge, there is no study evaluating the new preflaring bur TripleGates.
Thus, the aim of this study was to evaluate, by cone beam computed tomography analysis, the effects of cervical preflaring on mesial root canals of mandibular molars utilizing a crown-down sequence of Gates-Glidden burs and the TripleGates instrument. The null hypothesis tested was that there was no difference in the effects of the cervical preflaring on the mesial root canals of mandibular molars when using different cervical preflaring instruments.
MATERIAL AND METHODS
This study was revised and approved by the Ethics Committee, Nucleus of Collective Health Studies (no. 2134/CEP -HUPE). A sample of 40 human first mandibular molars that had been stored in 5% formol saline was selected from tooth bank. Roots were initially inspected by stereomicroscopy under 12X magnification to exclude teeth with any preexisting craze lines or cracks. A digital radiograph in a buccolingual direction was taken to determine the curvature angle of the mesial root using and open source image analysis program (Fiji v.1.47n; Fiji, Madison, WI, USA). Only teeth with a slight curvature of the mesial root (ranging from 0° to 10°) were selected. Teeth not patent to the canal length with a size 10 K-file (Dentsply-Maillefer, Ballaigues, Switzerland) were also discarded. Subsequently, the 40 teeth were pair-matched according to their shape and dimension, and one tooth from each pair was randomly distributed (using the website http://www. random.org) into 2 experimental groups (n=20).
Afterwards, the teeth were embedded in acrylic resin blocks using a flask system measuring 20 mm in height and 20 mm in width. After acrylic resin curing, each tooth block was removed, and the initial image was obtained by a cone beam computed tomography (CBCT) (Kodak 9000C 3D, Kodak, Atlanta, GA, USA) using an acrylic resin apparatus. The exposure time was 32.4 seconds, operating at 60 kV and 10 mA. At this moment, the area of each mesial canal, as well as the shortest distance from the root canal to the mesial and distal root surface, was measured 3 mm below the root furcation, using the CS 3D Imaging Software (Kodak, Atlanta, GA, USA) (Figure 2A) .
After capture and initial analysis of the mesial root canals, the GG drills (Dentsply-Maillefer, Ballaigues, Switzerland) were used in crown down order (GG #3, GG #2 and GG #1) in the mesial canals. To operate the drills, a conventional low-speed hand piece operating at 2.500 rpm was used. The movement performed with the rotary instruments was slight apical pressure, upped and downed with only one penetration with each drill. The depth of the drill was determined by its clinging inside the radicular canal usually observed 3 mm below the entrance of the canals. TripleGates was used with the same technique as described for Gates-Glidden burs. One experienced operator performed all treatments. Previously to instrumentation, canals were irrigated and flooded with 1 mL of 5.25% NaOCl using a 30-gauge Endo-Eze Tip (Ultradent Products Inc., South Jordan, UT, USA). Between each preparation step, root canals were irrigated with 1 mL of 5.25% NaOCl. After preparation, canals were irrigated with 1 mL 5.25% NaOCl in the GG group and 4 mL 5.25% NaOCl in the TripleGates group. A total of 5 mL 5.25% NaOCl was used in both groups. After the instrumentation, each tooth block was submitted to a new CBCT exam and new images of the mesial root canal were captured. At this moment, the area of each mesial canal, as well as the shortest distance from the root canal to the mesial and distal root surface, was measured in the after-instrumentation image, 3 mm below the root furcation, using the CS 3D Imaging Software (Kodak, Atlanta, GA, USA) ( Figure 2B ).
The total area of the root canal before and after the use of each instrument was measured. Subsequently, the increase of the instrumented area in terms of percentage was calculated. Later, the thickness of the mesial and distal walls (danger zone) was established. All measurements were performed using CS 3D Imaging Software (Kodak). Data were subjected to statistical analysis. Comparisons of the increase of the instrumented area and dentin thickness among the groups were performed using Student's t-test. The significance level was set at 5%. Table 2 -Means (mm) and standard deviation (SD) of dentin wall thickness on the initial and postinstrumentation images and percentage reduction in each group at the mesial and distal aspects of the root canal Different letters indicate statistical significant differences between the percentage of wear of the mesial and distal wall provided by the instruments tested (p<0.05). Table 1 presents the increase of the instrumented area in terms of percentage. No significant differences (p>0.05) were observed among the instruments. Table 2 shows the mean and standard deviation of dentin wall thickness on the initial and postinstrumentation images for each group in millimeters. No perforation was observed in any of the tested groups. Also, no statistically significant differences (p>0.05) were found among the groups for the preoperative dentin wall thickness at the mesial and the distal aspects of the root. No statistically significant differences (p>0.05) were found for the postoperative dentin thickness among the groups after the use of the preflaring instruments.
RESULTS

DISCUSSION
Preflaring of the cervical third decreases the tension of manual and rotary instruments during apical instrumentation by eliminating dentin projections 4 , and also provides greater reliability when defining the working length and the apical gauging 12 . Moreover, when prepares with NiTi instruments without the pre-enlargement in the cervical region with stainless steel instruments, there is a greater action of the NiTi instruments on the wall of the furcation, reducing the dentin thickness to values below 0.5 mm
24
. This fact occurs specially with instruments with conical core and large volume of metal mass in the central axis such as the ProTaper instruments 24 . During the last few decades, a number of methodologies have been described to assess the effect of endodontic instruments on dentin wall thickness, including plastic models 22 , histologic sections 21 , scanning electron microscopic studies 15 , serial sectioning 6, 8, 23 and radiographic comparisons 2 . In the present study, CBCT was used to analyze the cervical dentin thickness and root canal area of mandibular molars. This methodology permits observations of the root canal in three-dimensional planes (axial, transverse, and tangent planes) and allows preinstrumentation and postintrumentation measuring of root canal volume and hence calculations of the amount of removed dentin during preflaring of the root canal without complicate procedures, destructive sectioning of the specimens, or loss of the root material during sectioning. In addition, CBCT scans allow easy measurement of canal changes, because image has an accurate scale, decreasing the potential of a radiographic or photographic transfer error 20 . The furcation area of the first mandibular molars, sectioned at a point located between 2 and 3 mm below the furcation of the roots, presented a concave aspect in 100% of the mesial roots 3 . Several authors have described an area 3 to 4 mm below the entrance of the canals to be the most sensitive location for the perforation of mesial molar roots after the use of rotary instruments 4, 6, 12 . Based on these results, the present study opted to evaluate and measure the dentin thickness 3 mm below the furcation of the roots.
In the present study, a Gates-Glidden crowndown sequence was compared to the TripleGates instrument. The option to use a crown-down sequence was based on a previous study 6 that showed a greater remaining dentine/cementum thickness when using Gates-Glidden burs in the crown-down sequence than in a serial sequence. In that study, the tendency of greater wear after use a serial sequence could be seen in two samples, in which a total rupture of the dentine/cementum wall leading to the furcation area could be observed. Throughout this experiment, it was observed that samples always suffer greater wear nearest to the distal surface (Risk Zone) rather than the mesial surface (Safety Zone), which was also seen in previous studies 1, [6] [7] [8] 23, 25 . The tested null hypothesis was sustained in the present study as our comparison did not reveal any statistically significant differences between the tested groups because the mean percentage of canal area increase and the dentin wall thickness was similar in the canals as shown in Table 1 and Table 2 . Also, no cervical root perforation was observed in the present study. However, the TripleGates technique consumed less time than the Gates-Glidden sequence (data not shown). No file separation was observed in the TripleGates group; however five Gates-Glidden (three GG #1 and two GG #2) separations were observed in the present study.
In this study it was observed that the wear of the distal wall (Risk Zone) of the mesial canals of mandibular molars was significantly greater than the wear of the mesial wall (Safety Zone) (p<0.05), with no differences between the wear promoted between drills compared. Similar results were observed previously 4, 6, 17 . Both GG and TP left an average remaining dentin thickness of approximately 0.6 mm in the distal wall (Table 2) . Moreover, the present results are also similar to those obtained when NiTi files were used 24 . Remaining dentine thickness following several intra-radicular procedures may be the most important iatrogenic factor correlating to future root resistance against fracture 17 . Excessive flaring of the cervical and middle thirds in flat roots may lead to a pronounced decrease of the dentinal wall thickness or even result in a strip perforation towards the furcation 5, 11 . Thin dentine walls increase root permeability and the possibility of fracture, not only during filling, but also during tooth functioning 25 . The remaining dentin of 0.6 mm obtained in this study does not appear to compromise the tooth structure. It has been previously established that a limit of 0.2 and 0.3 mm of dentine thickness as a measurement in which the resultant forces of condensation during filling would not result in tooth fracture 14 . Having this in mind and through the results of the present study it was possible to conclude that both instruments offer the operator a great safety margin.
CONCLUSIONS
Our results showed that both tested instruments used for cervical preparation were safe to be employed in the mesial root canal of mandibular molars.
